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(57) ABSTRACT 

A variable valve actuation (VVA) system (10/210) includes 
a camshaft (20), having a lobe (22) thereon. Avalve (30/230) 
terminates in a stem end (34/234), and is moveable betWeen 
open and closed positions along its oWn longitudinal axis, 
Where the valve is biased toWard the closed position. A 
bucket tappet (40/240) includes a lifter plate (41/241) having 
a middle portion (44/244) for engaging the lobe of the 
camshaft on a camshaft side (46/246) of the lifter plate, and 
for engaging the stem end of the valve on a valve side 
(48/248) of the lifter plate. The lifter plate includes end 
portions (50/250/252) on either side of the middle portion, 
and is translatable by rotation of the lobe of the camshaft to 
cause movement of the valve along its longitudinal axis 
toWard the open position. Finally, a pivoting device (70/72/ 
80/270) is in engagement With at least one of the end 
portions of the lifter plate, for pivoting the lifter plate toWard 
the lobe for early engagement thereWith, and for pivoting the 
lifter plate aWay from the lobe for delayed engagement 
thereWith. The early engagement causes the valve to open 
prematurely, and the delayed engagement causes the valve to 
open belatedly. 

10 Claims, 2 Drawing Sheets 
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VARIABLE VALVE ACTUATION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to variable valve 
actuation devices for use With internal combustion engines. 
More speci?cally, this invention relates to a novel architec 
ture for a lifter plate arrangement used in varying valve 
timing of an overhead camshaft engine. 

2. Description of the Prior Art 
Conventionally, valve trains of internal combustion 

engines include poppet valves that are spring loaded toWard 
a valve-closed position. The poppet valves are biased open 
by a lifter plate or tappet interposed each poppet valve and 
an overhead camshaft mechanism, or a camshaft and push 
rod mechanism. In either case, the camshaft is connected to 
and rotates in synchroniZation With an engine crankshaft to 
open and close each valve at predetermined intervals as 
de?ned by the position of lobes on the camshaft. Therefore, 
the sequence and lift distance of each valve is ?xed by the 
predetermined relationship betWeen the lifter plate and the 
lobes on the camshaft. 

Such direct-drive arrangements ?x valve train operation 
and thereby limit engine performance because ideal valve 
timing varies—and is not ?xed—over the full range of 
engine speed. Therefore, it Would be desirable to incorporate 
a variable drive arrangement in Which the valve train is not 
?xed, but is independently variable With respect to each 
valve. In other Words, valve lift distance and timing could be 
varied independently for each valve. These factors can be 
varied to improve breathing of the engine to increase 
performance, fuel economy, or emissions. 

Consequently, What is needed is a variable valve actuation 
system that packages tightly Within an engine and permits 
independent variability of the timing of each valve. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a 
variable valve actuation (VVA) system. The VVA system is 
used in conjunction With an overhead camshaft that has a 
series of camshaft lobes thereon. An engine valve terminates 
in a stem end and is moveable betWeen open and closed 
positions along its oWn longitudinal axis, Where the valve is 
biased toWard the closed position. A bucket tappet includes 
a lifter plate that has a middle portion for engaging the lobe 
of the camshaft on a lobe side of the lifter plate and for 
engaging the stem end of the valve on a valve side of the 
lifter plate. The lifter plate includes end portions on either 
side of the middle portion, and is translatable by rotation of 
the lobe of the camshaft to cause movement of the valve 
along its longitudinal axis toWard the open position. Finally, 
a pivoting device is in engagement With at least one of the 
end portions of the lifter plate, for pivoting the lifter plate 
toWard the lobe for early engagement thereWith and for 
pivoting the lifter plate aWay from the lobe for delayed 
engagement thereWith. The early engagement causes the 
valve to open prematurely and the delayed engagement 
causes the valve to open belatedly. 

Accordingly, it is an object of the present invention to 
provide a VVA system that is capable of both varying the 
timing of the valve opening and closing, and varying the 
duration of the opening of the valve. 

It is another object of the present invention to provide a 
VVA system that packages tightly, if not symmetrically, 
around a valve stem of a valve. 
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2 
It is yet another object to provide a VVA system that 

incorporates a bucket tappet having a variable angle lifter 
plate disposed betWeen a camshaft lobe and a valve. 

These objects and other features, aspects, and advantages 
of this invention Will be more apparent after a reading of the 
folloWing detailed description, appended claims, and 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially exploded perspective vieW of a bucket 
tappet and valve of a variable valve actuation system for an 
internal combustion engine according to the present inven 
tion; 

FIG. 2 is a partial cross-sectional vieW of the variable 
valve actuation system of FIG. 1; 

FIG. 3 is a partial cross-sectional vieW of another variable 
valve actuation system according to the present invention; 
and 

FIG. 4 is a top vieW of the variable valve actuation system 
of FIG. 3, not shoWing the camshaft thereof. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In general, a variable valve actuation system is provided 
for varying the timing and lift of the intake and exhaust 
valves of an engine. Variable valve actuation strategies and 
related hardWare, such as hydraulic actuators and solenoids, 
are Well developed and knoWn in the art and therefore Will 
not be discussed or reproduced here. Rather, the present 
invention introduces neW architecture for placement 
betWeen an overhead camshaft and valve and Will be the 
focus of this description. Furthermore, the term valve lifter 
may be considered synonymous With rocker arm or tappet. 

Referring noW speci?cally to the Figures, there is shoWn 
in FIG. 1 a portion of a variable valve actuation (VVA) 
system 10 according to the preferred embodiment of the 
present invention is shoWn including a valve 30 inserted 
Within a bucket tappet 40. The bucket tappet 40 includes a 
lifter plate 41 hinged to a bucket 45 by hinge pins 42 on 
opposite sides of the bucket 45. An opposed pair of hydrau 
lic actuators 70 are moveably disposed Within the bucket 45 
for pivoting the lifter plate 41 about the hinge pins 42. 
Finally, a valve 30 extends upWardly through the bucket 45 
and terminates in a stem end 34 that is biased against an 
underside of the lifter plate 41 by a spring (not shoWn). 

Referring noW to FIG. 2, the VVA system 10 includes a 
camshaft 20 having one or more lobes 22 for controlling the 
valve 30 via the interposition of the bucket tappet 40 
therebetWeen. The bucket tappet 40 is moveably disposed 
Within a tappet bore 16 of a cylinder head 12. The lifter plate 
41 is pivotable on the hinge pins 42 that are parallel to the 
rotation of axis of the camshaft 20. A head 32 of the valve 
30 rests against a valve seat 14 of a cylinder head 12, and 
functions to open and close an opening in the cylinder head 
12 to permit fuel and air to How through the cylinder head 
12, or to permit spent products of combustion to How from 
the cylinder head 12. The valve 30 is resiliently biased 
toWard its cylinder-closed position in constant contact With 
the lobe 22 by a valve spring 38 and bucket spring 60. 
The lifter plate 41 includes a middle portion 44 that 

engages With the lobe 22 of the camshaft 20 on a camshaft 
side 46 of the lifter plate 41. The middle portion 44 is further 
pivotably connected to a stem end 34 of a valve stem 36 of 
the valve 30 by the hinge pin 42, on a valve side 48 of the 
lifter plate 41. The lifter plate 41 further includes an end 
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portion 50 on either side of the middle portion 44 for 
engaging hydraulic actuators 70 on the valve side 48 of the 
lifter plate 41. Each hydraulic actuator 70 includes a spring 
72 for biasing the lifter plate 41 to a level baseline position. 
It is anticipated that any other reasonable arrangement for 
engaging the hydraulic actuators 70 to the end portions 50 of 
the lifter plate 41 could be alternatively used. A solenoid 80 
controls How of hydraulic ?uid, namely engine lubricating 
oil, to each hydraulic actuator 70 through oil passages 82 in 
the cylinder head 12 as is Well knoWn in the art. The 
solenoids 80 are in turn controlled by an electronic engine 
control unit (not shoWn) for controlling the timing and 
amount of oil supplied to the hydraulic actuators 70. 
Additionally, alternative lifter plates could be used that 
incorporate prede?ned contours on the camshaft side 46 of 
the lifter plate 41 for varied valve timing and operation. 

In operation, the VVA system 10 is capable of advancing 
or retarding the valve timing or duration of opening. The 
valve 30 is caused to reciprocate along its longitudinal axis 
along its stem 36, by the rotation of the camshaft 20, Which 
is caused to rotate by a chain or belt drive from an engine 
crankshaft in a knoWn manner (by elements not shoWn). The 
lobe 22 of the camshaft 20 thus rotates and acts upon the 
lifter plate 41 in a doWnWard fashion. When the lifter plate 
41 is in its baseline position, the valve 30 opens and closes 
“on time”. The baseline position of the VVA system is Where 
the lifter plate 41 is horiZontal, and perpendicular relative to 
the axis of the valve stem 36. As shoWn, the lifter plate 41 
is lifted by the hydraulic actuator 70 to an advanced position 
so that the valve 30 opens and closes “early”. Accordingly, 
the lobe 22 is shoWn in solid line as it rotates counter 
clockWise and initially engages the lifter plate 41 in the 
advanced position. Additionally, the lobe 22 is shoWn in 
phantom line as it Would be in a valve-open position, and 
likewise, the head 32 of the valve 30 is shoWn in phantom 
line in the valve open position. Alternatively, the lifter plate 
41 may be pivoted to a retarded position by the other 
hydraulic actuator 70 so that the valve 30 opens and closes 
“late”. It is contemplated that the hydraulic actuators 70 are 
capable of articulating the lifter plate 41 by at least +/—10°. 
In this Way the opening of the valve 30 can be regulated, and 
the duration of its open period changed, as required or 
desired to achieve improved engine operating conditions. 

FIG. 3 illustrates an alternative embodiment of a variable 
valve actuation system 210 in Which a bucket tappet 240 is 
interposed the camshaft 20 and a valve 230. Referring to 
FIGS. 3 and 4, the bucket tappet 240 includes a lifter plate 
241 having a hinge end portion 252 that is hinged to a bucket 
245 by a hinge pin 242 on one side of the bucket 245. The 
lobe 22 of the camshaft 20 is in constant engagement With 
a camshaft side 246 of the lifter plate 241. A middle portion 
244 of the lifter plate 241 is in constant engagement With a 
stem end 234 of the valve 230 on a valve side 248 of the 
lifter plate 241. 
An hydraulic actuator 270 is integrated into the bucket 

245 on the right side thereof. The hydraulic actuator 270 
operates on an actuator end portion 250 of the lifter plate 241 
on a valve side 248 of the lifter plate 241. As before, a 
solenoid 80 controls operation of the hydraulic actuator 270 
in response to commands from an electronic engine control 
unit (not shoWn). Finally, and as With the preferred 
embodiment, a bucket spring 260 biases the bucket tappet 
240 into constant contact With the camshaft 20. Similarly, a 
valve spring 238 biases the valve 230 into constant contact 
With the bucket tappet 240. 

Accordingly, operation of the bucket tappet 240 is similar 
to that of FIG. 1. When the lifter plate 241 is in its baseline 
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position, the valve 230 opens and closes “on time”. The 
baseline position of the VVA system is Where the lifter plate 
241 is horiZontal, and perpendicular relative to the longitu 
dinal axis of a valve stem 236. As shoWn, the lifter plate 241 
is lifted by the hydraulic actuator 270 to an advanced 
position so that the valve 230 opens and closes “early”. 
Accordingly, the lobe 22 is shoWn in solid line as it rotates 
clockWise and initially engages the lifter plate 241 in the 
advanced position. Additionally, the lobe 22 is shoWn in 
phantom line as it Would be in a valve-open position, and 
likeWise, a head 232 of the valve 230 is shoWn in phantom 
line in the valve open position. Alternatively, the lifter plate 
241 may be pivoted to a retarded position by deactivating the 
hydraulic actuator 270 so that the actuator end portion 250 
of the lifter plate 241 drops beloW level. Accordingly, the 
lobe 22 Would not engage the actuator end portion 250 of the 
lifter plate 241 but Would instead engage the lifter plate 241 
someWhere in the middle portion 244 thereof to cause the 
valve 230 to open and close “late”. It is contemplated that 
the hydraulic actuator 270 is capable of articulating the lifter 
plate 241 by at least +/—10°. 
From the above, it can be appreciated that a signi?cant 

advantage of the present invention is that the variable valve 
actuation system packages tightly around a valve, and is 
capable of independently operating each valve Within an 
engine to provide for advanced or retarded timing and 
modi?ed duration of valve opening. 

While the present invention has been described in teems 
of a preferred embodiment, it is apparent that other forms 
could be adopted by one skilled in the art. For example, the 
present invention could be employed for disengaging the 
valve from the camshaft for at least some portion of an 
engine cycle by dropping the lifter plate out of engagement 
With the cam lobe. Additionally, one solenoid could be used 
to control a plurality or all of the lifter plates of a single 
engine. Accordingly, the scope of the present invention is to 
be limited only by the folloWing claims. 
What is claimed is: 
1. Avariable valve actuation system (10/210) comprising: 
a camshaft (20) having a lobe (22) thereon; 
a valve (30/230) terminating in a stem end (34/234) and 

moveable betWeen open and closed positions along its 
longitudinal axis, said valve being biased toWard said 
closed position; 

a bucket tappet (40/240) having a lifter plate (41/241), 
said lifter plate having a middle portion (44/244) for 
engaging said lobe of said camshaft on a camshaft side 
(46/246) of said lifter plate, and for engaging said stem 
end of said valve on a valve side (48/248) of said lifter 
plate, said lifter plate having end portions (50/250/252) 
on either side of said middle portion, said lifter plate 
being translatable by rotation of said lobe of said 
camshaft to cause movement of said valve along its 
longitudinal axis toWard said open position; and 

pivoting means (70/72/80/270), in engagement With at 
least one of said end portions of said lifter plate, for 
pivoting said lifter plate toWard said lobe for early 
engagement thereWith and for pivoting said lifter plate 
aWay from said lobe for delayed engagement thereWith, 
Whereby said early engagement causes said valve to 
open prematurely and said delayed engagement causes 
said valve to open belatedly. 

2. The variable valve actuation system as claimed in claim 
1, Wherein said pivoting means comprises at least one 
hydraulic actuator (70/270). 

3. The variable valve actuation system as claimed in claim 
2, Wherein said at least one hydraulic actuator is capable of 
pivoting said lifter plate plus or minus approximately ten 
degrees. 
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4. A variable valve actuation system (10) for actuating a 
valve (30) in cooperation With a lobe (22) of a camshaft (20), 
said variable valve actuation system comprising: 

a bucket tappet (40) having a lifter plate (41) With a 
middle portion (44) in engagement With said lobe on a 
camshaft side (46) of said lifter plate, said middle 
portion further being pivotably connected With said 
valve on a valve side (48) of said lifter plate, said lifter 
plate having end portions (50) on either side of said 
middle portion; and 

pivoting means (70/72/80), in engagement With said end 
portions on said valve side of said lifter plate, for 
pivoting said lifter plate in one direction for advanced 
engagement With said lobe, and in an opposite direction 
for delayed engagement With said lobe. 

5. The variable valve actuation system as claimed in claim 
4, Wherein said pivoting means comprises tWo hydraulic 
actuators (70) one each in engagement With a respective one 
of said end portions of said lifter plate. 

6. The variable valve actuation system as claimed in claim 
4, Wherein said lifter plate takes the form of a substantially 
?at plate that is hinged to said tappet. 

7. Avariable valve actuation system (210) for actuating a 
valve (230) in cooperation With a lobe (22) of a camshaft 
(20), said variable valve actuation system comprising: 

a bucket tappet (240) including: 
a bucket (245); 
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a lifter plate (241), having a middle portion (244) in 

engagement With said lobe on a camshaft side (246) 
of said lifter plate, said middle portion further in 
engagement With said valve on a valve side (248) of 
said lifter plate, said lifter plate having a hinge end 
portion (252) hinged to said bucket and an actuator 
end portion (250) opposite said hinge end portion; 
and 

pivoting means (80/270), in engagement With said actua 
tor end portion on said valve side of said lifter plate, for 
pivoting said lifter plate in one direction for advanced 
engagement With said lobe and in an opposite direction 
for delayed engagement With said lobe. 

8. The variable valve actuation system as claimed in claim 
7, Wherein said lifter plate (241) includes a predetermined 
contoured surface on said camshaft side of said lifter plate. 

9. The variable valve actuation system as claimed in claim 
7, Wherein said bucket tappet includes a hinge pin (242) 
hinged to said hinge end portion of said lifter plate and 
further includes an hydraulic actuator (270) integral With 
said bucket substantially opposite said hinge portion, 
Wherein said hinge pin is attached to said bucket tappet. 

10. The variable valve actuation system as claimed in 
claim 9, Wherein said hydraulic actuator is collapsed for 
delayed engagement With said lobe, and is extended for 
advanced engagement With said lobe. 

* * * * * 


